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About seventy to eighty per cent of the total Indian 
population, especially those living in villages and who can ill-
afford to go in for costly modern medicine, rely on indigeneous 
medicinal systems to provide relief from diseases. Medicinal 
wealth of agricultural countries like India is enormous due to 
varied climatic conditions and the plants form the basis of our 
ancient Unani and Ayurvedic Systems of Medicine, Despite the 
spectacular advances, synthetic drugs have experienced set-back 
due to acute toxicity and side effects and this has created a 
revival of interest in the exploration and development of natural 
products for therapeutic purposes. 
Search for therapeutic agents from natural sources has 
equipped modern medicine vjith a wide range of curative agents 
which despite the remarkable success in synthetic drugs have 
retained their importance. Plants have been the subject for the 
search of new or better drugs and new lead molecules for the drug 
development. 
Researchers throughout the world are carrying out 
methodical surveys of untested plants in the hope of getting 
natural products like digoxin and reserpine to cure our many ills. 
In common v;ith the studies of natural products of all 
kinds, flavonoid chemistry has emerged from the undirected search 
of new compounds,and the establishment of their structures by 
conventional meanso 
The flavonoids are important to man not only because 
they contribute to plant colour but also because many members are 
physiologically active. The importance of flavonoidic compounds 
in the tanning of leather, the fermentation of tea, the manufac-
turing of cocoa and in the flavour qualities of foodstuff is well 
established * , Certain flavonoids are among the earliest known 
2a 
natural dyestuffs . They are widely used in antioxidants for 
3a b fats--and oils ' , Among the physiological activities of 
flavonoids * include vitamin P activity, diuretic action, 
treatment of allergy, protection against X-rays and other radia-
tion injuries, cure of frost bite, antibacterial activity, 
4 
prophylactic action, oestrogenic activity, antitumour effects 
5 
and anticancer property . 
The flavonoids are generally polyphenolic compounds 
having C^-Co-C^ carbon skeletono Among flavonoids, the term 
assigned to this large class of natural substances, derivatives 
of 2-phenylchroman occupy an important position. 
The term •flavonoid' derives from the most common group 
of compounds, the flavones, whereas oxygen bridge between the 
ortho position of ring A and the benzylic carbon atom adjacent to 
ring B form a new y-pyi'o'^ e type ring. Such heterocycles, at 
different oxidation levels, are present in most plants. The 
flavane corresponds to the lowest oxidation level of ring C, and 
is taken as the parent structure for the rational nomenclature of 
this group of compounds. 
An oxygen bridge involving the central carbon atom of 
the C^-chain occurs in a rather limited number of cases, where 
the resulting heterocycle is of the benzofuran type. The aurones 
belong to this structural group. The oxygen bridge is absent in 
chalcones and dihydrochalcones. Principal structural groups of 
natural flavonoids are shown in Fig,-lo The oxidation levels 
concern the three central carbon atoms: [+10 or -2H]= +1 oxida-
tion unit. 
Besides the carbon atom link, the flavonoids also have 
typical oxygenation pattern in their benzene rings. Ring A 
generally has three alternate oxygens at position 2', 4' and 6' 
in the open formula or, in other words ring A generally derives 
from phloroglucinol, compounds having more or less oxygens in 
their A ring are very seldom encountered. The ring A can be 
occasionally alkylated with methyl groups, prenyl or prenyl 
derived units or with glycosides. In contrast, ring B has, in 
most cases, a para-oxygen substituent, or two oxygens, para- and 
meta- with respect to propane chain. Compounds with non-oxygena-
ted B ring or with one ortho-oxygen function are very rarely 
found. Compounds bearing three oxygens, one para- and two meta-
are less frequent. 
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An i n t e r e s t i n g a d d i t i o n to t h e f l avono id c l a s s i s 
' b i f l a v o n o i d s ' , B i f l a v o n o i d s , which a r e g e n e r a l l y d e r i v e d from 
two a p i g e n i n or two n a r i n g e n i n o r n a r i n g e n - a p i g e n i n u n i t s , have 
most ly been i s o l a t e d from gymnosperm. Depending upon t h e n a t u r e 
and t h e p o s i t i o n of the l i n k a g e of the c o n s t i t u e n t monomeric 
u n i t s , a l l t h e C-C and C-O-C l i n k e d b i f l a v o n o i d s a re c l a s s i f i e d 
i n t o v a r i o u s f a m i l i e s , depending on t h e p o s i t i o n of t h e l i n k a g e , 
two f l avone u n i t s a re shovm i n the F i g , - 2 a and 2b. 
OH 0 
HO" V ^ XD 
OH 0 Cupressu f l avone 
HO 
0 OH 
Amentoflavone 
—C 
OH 0 
0 HO 
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F i g . - 2 a 
: 6 
Succedaneaf lavone 
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. 7 • 
Biogenesis of Flavonoids 
Chemical speculations on the mode of formation of the 
carbon-skeleton of this large class of natural products stimula-
ted the interest in the biosynthesis of flavonoids. Although the 
7-.Q 
o r i g i n of t h e carbon atoms of f l avono id i s we l l known ", t he 
a c t u a l compounds t h a t condense t o y i e l d t h e C i c - s k e l e t o n and the 
sequence of changes which r e s u l t i n t h e fo rma t ion of a r e l a t i v e l y 
d i v e r s e group of compounds, based on v a r i a t i o n i n the o x i d a t i o n 
l e v e l of the C g - p o r t i o n of the m o l e c u l e s , a r e l e s s v;ell u n d e r -
s tood . 
B a s i c a l l y r i n g A i s formed by h e a d - t o - t a i l condensa t ion 
of t h r e e a c e t a t e u n i t s wh i l e r i n g B as we l l as Co-chain a r i s e from 
a phenyl propanoid p r e c u r s o r de r i ved from t h e sh ik imic acid p a t h -
way . The involvement of a c e t i c acid and s u b s t i t u t e d cinnamic 
ac id has been confirmed th rough s t u d i e s wi th l a b e l l e d compounds, 
11 12 
no t ab ly by Gr i sebach and Geissman ( F i g . - 3 ) . 
3 CHoCOSCoA + 
y 
F i g . - 3 
: 8 : 
However, a more detailed knowledge of this reaction and 
of the chemical nature of the immediate precursors obtained from 
the enzymic studies support the proposal that CoA ester of malonic 
acid and cinnamic acid are the substrates of an enzyme-mediated 
condensation (Fig,-4) * , while no experimental evidence has 
been obtained, so far, regarding the possible intermediates in the 
formation of ring A from acetyl CoA, direct evidence for the 
reaction mechanism formulated in Figo-4 has been obtained from the 
chemical degradation of the overall product formed from p-coumaroyl 
14 CoA and C-labelled malonyl CoA with an enzyme-preparation from 
15 
cell suspension culturesof parsley 
V 
SCoA 
—OH 
OH 0 
Fig.-4 
: 9 : 
There are still some doubts about the actual structure 
of the phenylpropane unit used by the plants as a starter for the 
process of polyketide condensation and then ring A. Most chemists 
now believe that the cinnamic acids (p-coumaric, and more rarely 
caffeic, ferulic and sinapic acids) are obligatory intermediates 
in the biosynthesis of most flavonoids 
It has been repeatedly demonstrated, using labelled 
17 18 19 20 
chalcones * and flavanones * that these compounds are 
central intermediates from which most, if not all, other flavonoids 
originate. Conclusive evidence has not, so far, been obtained to 
answer the question whether chalcones or flavanones are the more 
direct precursors of the various flavonoids. There is good evidence 
21 22 
for the i_n vitro and in vivo existence of an equilibrium 
between chalcones and the corresponding flavanones, the chalcone-
flavanone interconversion is catalysed i_n vivo by an enzyme, 
16 
chalcone flavanone isomerase, isolated from various plant sources. 
The more important naturally occurring flavonoids are at the same 
or a higher oxidation level than flavanones, and many special 
hypotheses have been proposed to explain their genesis,, 
The first oxidative hypothesis for flavonoid biogenesis 
23 
was proposed by Grisebach , who also made a detailed experimental 
study into the chemistry and biochemistry of flavonoids. The main 
feature of Grisebach's hypothesis was the formation of an epoxide 
chalcone (I), which could lead to flavonols, aurones, flavones 
and isoflavones, through plausible chemical mechanism (Fig,-5). 
: 10 
( I ) 
OH 0 OH 0 
F i g , - 5 
: 11 : 
The weakest point of the epoxide hypothesis is that 
natural chalcone epoxides are as yet unknown. Although, synthetic 
24 2'-OR chalcone epoxides are known , their epoxidation with H2O2 
requires strongly alkaline conditions which are conditions totally 
different from those occurring i_n vivo ^ . 
There are alternative oxidation paths, which involve 
either the enolic form of the flavanone (II) followed by an attack 
by the equivalent of OH and/or direct oxidation of a flavanone, 
to afford a cation at C-3 (III) which could be transformed to a 
27 2R flavone, flavanonol or isoflavone (Fig.-6) * . These hypotheses 
also give satisfactory explanation for the biogenetic correlations 
amongst the various flavonoids and, specially, for the very 
frequent presence of an oxygen atom in position C-3. However, the 
mechanisms proposed for the direct oxidation of flavanone to give 
a flavanone C-3 cation followed by reaction with ~0H, and enolis-
ation of the flavanone followed by attack by equivalent of OH 
are doubtfully feasible i_n vitro, 
29 
Pelter made a detailed experimental study into the 
chemistry of flavonoids and put forward a hypothesis, based on 
the phenolic oxidation of 4-hydroxychalcone (IV), which is 
supported by a large number of iji vitro chemical analogies. Pelter 
suggested that a hydrogen (or hydride) abstraction from the 2- or 
4-hydroxyl group in chalcone generates a radical (or cation) (V) 
which induces cyclisation as depicted in Fig,-7 to give isoflavone, 
: 12 
( I I I ) 
F lavan-3 ,4 -d io l 
Catechin 
Anthocyanidin 
F ig . -6 
; 13 
^ K> 0 
• > 
Fia.-7 
Formation of flavones and aurones can be explained from 
the radical (V) as shown in Fig.-8, The formation of flavonols 
can be explained in terms of further oxidation of 4'-hydroxy group 
of either flavanonols or flavones (Figo-9). 
: 14 
o 
CH c^ ' 
0 
F i a . - 8 
: 15 : 
- C 
a lk . K,Fe(CN)g 
Flavonol 
F ig . -9 
; 16 : 
The production of the flavonoids devoid of a hydroxyl 
group on the B-ring and above the flavanone oxidation level is 
not explained by Pelter's hypothesis, Pelter suggested that these 
compounds are probably produced directly from chalcones as shown 
in scheme-I. Cyclisation of the 2'-hydroxychalcone (VI) is 
initiated by a metal ion to yield the metal enolate (VII) followed 
by an oxidative loss of the metal yield flavone. If attack on the 
C-3 of metal enolate (VII) were by water, then flavanonol would 
result. 
^vt»,pQ 
H^ C 
IVII 
Flavononol riavonc 
S ch^me-I 
: 17 : 
30 Roux and F e r r e i r a have proposed another hypothesis for 
the f lavonoids b iosyn thes i s from a-hydroxychalcone (IX) which 
31 3? probably o r i g i n a t e s from p-hydroxyphenylpyruvic acid (VIII) * 
and malonate (or ace ta t e ) u n i t s . The Roux theory i s supported by 
33 34 the l a rge na tu ra l d i s t r i b u t i o n of a-hydroxychalcones * . 
The formation of both 2 , 3 - c i s - and 2 , 3 - t r a n s - f l a v a n o -
nols can be explained by the c y c l i s a t i o n of the enol ic from of 
a-hydroxychalcones. Subsequent reduct ion of these flavanonols 
leads f eas ib ly to 2 , 3 - c i s - and 2 , 3 - t r a n s - f l a v a n - 3 , 4 - d i o l s and 
eventual ly to corresponding f lavan-3-o ls ( F i g , - 1 0 ) . These c lasses 
of compounds form f lavonols and anthocyanidins by oxida t ion and 
e l imina t ion r e a c t i o n s , r e s p e c t i v e l y . 
: 18 : 
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OH OH 
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2, 3-cis-Fliavan-3, 4-diol 
Red. 
V 
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T 
c 
2,3-cic-Flav-n-3-ol 
Fig.-1( 
: 19 : 
35 
A r e c e n t h y p o t h e s i s ( F i g , - 1 1 ) p o s t u l a t e s a s i m u l t a n e -
ous phenol o x i d a t i o n of t h e two a roma t i c r i n g s of the cha lcone 
i n t e r m e d i a t e , fo l lowed by an i n t r a m o l e c u l a r c o u p l i n g , accord ing 
to a scheme ve ry common i n p l a n t s . I n t e r m e d i a t e s such as (X) and 
(XI) (oxonium s a l t s ) should be formed, which could l ead to aurone, 
f l a v o n e , f l avanono l and i s o f l a v o n e . 
Reduc t ion of f l a v a n o n o l s i s assumed i n the b i o g e n e s i s 
of f l a v o n o i d s t r u c t u r e s i n lov^ o x i d a t i o n l e v e l , bu t o t h e r o o s s i b i -
35,37 
l i t i e s a l s o e x i s t . Thus, as shown by C la rk -Lewis and co-workors , 
sodium b o r o h y d r i d e r e d u c t i o n of cha lcones g i v e s f l a v e n e s which 
can c o n c e i v a b l y a l so s e r v e as p r e c u r s o r s of l e u c o a n t h o c y a n i d i n s , 
38 
a n t h o c y a n i d i n s and c a t e c h i n s 
H( 
: 20 : 
Fig . -11 
: 21 : 
The mechanism of formation of ring C in anthocyanidins 
39 has still many obscure points. Haslam's hypothesis on the 
anthocyanidin and catechin biosynthesis is the most v/idely 
accepted one and strictly correlates the biosynthesis of antho-
cyanidins with catechins (Fig,-12). 
The formation of biflavonoids, despite the range of 
biflavanoids now known, may be explained in terms of oxidative 
coupling of two chalcone units and subsequent modification of 
Co-chain . Abstraction of an electron from the C-4 anion of 
naringeninochalcone (XII) affords radical which may be represen-
ted by the canonical formulaeR , Rg and R , 
: 22 
Anthocyanidin 
Fle,Ycn-3,4-diol 
r 1 - 1 
. • -!-
: 23 : 
VVhile the abstraction of an electron from the C-4' anion 
of (XII) will give another radical which may be represented by 
several canonical formulae. However, the only canonical formulae 
which are important in the biosynthesis of most of biflavonoids 
are RN, The formation of precursors of all naturally occurring 
biflavonoids can be explained by the appropriate pairing of these 
radicals. 
CM 0 OH 0 
: 24 : 
Structural Elucidation of Flavonoids 
The structural elucidation of flavonoids has been 
discussed in detail in some recent reviews and monographs * 
However, some of the techniques frequently used by us and included 
in the discussion of this dissertation need mention here. 
Nuclear Magnetic Resonance Spectroscopy 
The application of the n.m.To spectroscopy proved to be 
the most powerful tool in the structure determination of flavo-
noids. The valuable contribution in this field has been made by 
42 43 44 45 46 
Batterham , Mabry , Massicot , Clark-Lewis , Kawano and 
47 I 
Pelter and Rahman , Early work on the H-n,m,r. spectroscopy of 
flavonoids was hindered by lack of their solubility in CDCl^ and 
48 CCl.. Progress was made following the introduction of Me^SO-d^ , 
but the most significant advance arose from the conversion of 
49 flavonoids into their more soluble trimethylsulyl ethers 
The chemical shifts of the protons of rings A and B 
prove to be independent of each other, but are affected by the 
48 
nature of ring C . The peaks arising from ring A in most flavo-
noids occur upfield from other peaks and can readily be recognised, 
The most commonly occurring hydroxylation pattern in 
natural flavonoids is 5,7,4'-trisubstituted system (XIII) in 
which, owing to the symmetrical substitution, ring B protons 
: 25 : 
appear as superimposed doublets (J=9 Hz) corresponding to an A„B2 
system and ring A protons as AB doublets (J=2.5 Hz). In other 
cases, however, the interpretation is not so simple owing to the 
superimposition of signals and appearance of complex multiplici-
ties of protons of an ABX or ABC system. 
HC 
OH C 
(XXII) 
Considerable variations are generally found for the 
chemical shifts of the ring C protons among various flavonoid 
classes , For example, the C-3 proton in flavones gives a sharp 
singlet near d 6,3, the C-2 proton in isoflavones is normally 
observed at about d 7.7, while the C-2 proton in flavanones is 
split by C-3 protons into a doublet of doublet (J • =5 Hz, 
J. =11 Hz)and occurs at about d 5.2. The signals for the two trans ^ 
C-3 protons in flavanones appear as a pair of quartets 
(J„_^ -3. =17 Hz) near d 2.7-3.0. However, they often apoear as 
two doublets since two signals of each quartet are of low 
intensity, the C-2 proton in flavanonols appears near d 4.9 as a 
doublet (J=ll Hz) coupled v/ithC-3 proton which comes at about 
d 4,2 as doublet. 
: 26 : 
Solvent induced shift has been used for assigning the 
position of methoxyls in methoxyflavones. By measuring the 
n.m.r. spectra,first in CDCI3 and then in C^ D^ ,^ Wilson e_t alp 
found that the size of the benzene induced shift (^ )^ of certain 
methoxyl signals was to some extent indicative of the position 
of the methoxy group in the flavone nucleus, 
A more recent innovation in this field is that of 
46 lanthanide induced shift , The technique is extremely helpful 
in establishing the internuclear linkage of biflavonoids and also 
for the distinction of A and B ring methoxyl signals. 
Mass Spectrometry 
Electron impact mass spectrometry (EI-MS) serves as a 
valuable tool in the structure determination of flavonoids, 
especially v;hen only very small quantities of the compounds are 
available,, It has been applied successfully to all kinds of 
flavonoids. 
Most flavonoid aglycones yield intense peaks for the 
molecular ion (Mt). In addition, peaks for (M-H)"*" and, when 
methoxylated, (M-CH-)"*" are usually the major peaks. The most 
useful fragmentations in terms of flavonoid identification are 
AH 
those which involve cleavage of intact A-and B-ring fragments , 
: 27 : 
Two common fragmentation patterns of flavonoids are, 
an exception being chalcones which undergo direct fission on each 
side of carbonyl group, retro-Diels-Alder (RDA) cleavage, pathway I 
and pathway II (Chart-I)o Pathway I (RDA) process affords two 
different ions designated as At" and B1"° , the ratio of the two 
being indicative of the charge distribution within the parent ion. 
In contrast,pathway II yields predominantly a single charged 
species, B^. These two fragmentation processes are competitive 
and the combined intensities of the B't and [B_-CO]'^ ions are 
approximately inversely proportional to those of A * and B,* and 
the series of ions derived from them (Chart-I), 
Flavones v;ere among the first flavonoids to be analysed 
51 59 ' 
by mass spectrometry * . Although molecular ion, Ml, is the base 
peak for most of the flavones, the fragment (M-CO)t and pathway I 
fragments A't' and 81"° are usually prominent. An ion (M-1) is 
often found in the mass spectra of flavones, its origin, hovever, 
is obscure. Pathway II fragment, Bt, though usually found,is not 
much intense. 
In the case of flavanones,typical fragmentation by RDA 
process yields ions which correspond to the same At° and (A+l)"*" 
ions, observed for flavones, (Chart-I); however, the B-ring ion 
contains an ethylene group ' o 
: 28 : 
Pathv/ay I v/ith 
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: 29 
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Another d i agnos t i c fragmentation, t h a t helps in s t r u c -
ture determinat ion of f lavanones, i s the l o s s of e i t h e r a hydrogen 
or an ary l r ad i ca l to produce (M-l)"^ and [M-(B-ring)] ions . 
(;,:-3 ring)''" 
A moderately in tense B-ring ion (XIV) i s found in the 
case of 4 '-methoxyflavones, '•'hich i s formed by the f i s s i o n of the 
B-ring from the molecular ion accompanied by a hydrogen t ransfero 
+ . 
: 30 : 
3^-^=": <f3-ocH; 
•nv) 
The presence of a hydroxyl or a methoxyl group at C-4' 
facilitates, by the -enhanced resonance stabilisation of the mole-
cular ion, the formation of p-hydroxybenzyl or p-methoxybenzyl 
cation (XV), respectively. The prominence of this ion may be asso-
ciated with its rearrangement to a tropolium structure (XVI). 
!_'(-> T I ^ // \ \ 
n ^ o — I ' \ N— n"; 
7~A
/ 
- / 
A^ 
V 
OH C 
1 1 — W , l^il^ 
Chalcones give strong ions for Mt, (M-H)"*" and (M-CH-)"^ 
(for methoxychalcones). However, most diagnostic fragments result 
by the fission on either side of the carbonyl group. The relative 
intensities of these ions, designated as A^ and bt. (Chart-I) and 
of those derived from them, depend upon the substitution pattern 
of the chalcone^"^'^^. 
: 31 : 
It has been established, in the case of 2'-hydroxy-
chalcones, that an equilibrium exists between chalcone and flava-
none and the ions derived by fragmentation of both the chalcone 
and its corresponding flavanone are found. In some cases, however, 
the cleavage of the chalcone adjacent to the carbonyl group is much 
faster than the isomerisation to flavanone and thus the spectrum of 
the chalcone predominates. It has been emphasised that, in most 
cases, it is difficult to determine with certainty from the mass 
spectral data whether chalcone or flavanone was originally present. 
Mass spectrometry has also been very useful in the 
structure elucidation of biflavonoids, Biflavonoids have mostly 
40 been studied as their permethylated derivatives „ In general, 
two flavonoid units of a C-C linked biflavonoid fragment by the 
pathways which are well defined for the corresponding monoflavo-
noids. Some A- and B-ring fragments are exactly the same as those 
observed for the monoflavonoids, while others are typical A- and 
B-ring fragments except that they have an intact flavonoid unit 
attached to them. The C-O-C linked biflavonoids undergo fission 
on both the sides of the ether linkage to yield ions which undergo 
further fragmentation. Doubly charged ions are usually present. 
The mode of fragmentation of amentoflavone hexamethyl ether, a 
C-C linked biflavone, is shown in Chart II, 
: 32 : 
CH^O 0 
C H , C l / : : ^ ^ H 
rr./z 180 
m/z 311 
C h a r t - I I 
13 
C~n.m«r. Spectroscopy 
13 The C-n.m,r, spectroscopy has now developed as one of 
the most useful techniques in the characterisation of natural 
products. It has been successfully applied in the field of 
flavpnoid and the structures of mono- and biflavonoids have been 
elucidated with the help of C-n,mor. spectroscopy 
Carbon-13 with a natural abundance of only !,!•/. and a 
smaller magnetic moment than H was for many years a nucleus 
relatively inaccessible to n.m.r. spectroscopists. However, with 
the advent in recent years of Pulred nom.r. and Fourier Transform 
1 2 (FT) analysis, ~ C-h.m,r. spectroscopy has become more readily 
13 
available. It should be stressed, however, that C-n,m.ro is m 
no sense superseding H-n,m,r., but is complementary to it, 
informations gained related to the carbon 'back bone' of the 
molecule v/hile H-n,mor, gives information about the structural 
environment of each proton, 
Carbon-13 resonances in flavonoids occur over a range 
of 0-200 ppm downfield from TMS compared with the range of only 
1 13 
0-10 ppm for H resonances. For this reason C-n,m.ro spectra 
are much more highly resolved than are H-n,m,r, spectra. In 
proton decoupled spectra each carbon atom is represented by one 
line and its chemical shift is determined preliminarily by the 
electron density at that carbon atom. In contrast to the value of 
: 34 : 
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i n t e g r a t i o n in H-n,m,r. spectroscopy, i n t e g r a t i o n of C-n.m.r. 
spec t ra i s l a rge lyun i fo rma t ive unless s p e c t r a l precaut ions are 
taken. 
The signals for the carbonyl carbon and oxygenated 
aromatic carbons resonate at lowest field, whereas those at 
highest field will represent non-oxygenated aliphatic carbons. 
13 
C-resonances for the o/p-oxygenated aromatic carbons appear in 
the range 155-165 ppm while those for meta-oxygenated carbons 
appear in the 130-150 ppm. Signals for the non-oxygenated aroma-
t i c carbons appear in the region 125-135 (no o/p-oxygenation"*, :.nd 
90-125 (with o/p-oxygenat ion) . Signals for aromatic methoxyl and 
acetyl carbons resonate in the range 55-60 and 20 'ppr^.j r e s p e c t -
ive ly , 
13 There are marked changes in the C-n,m,r, of flavonoids 
on a c e t y l a t i o n of free phenolic hydroxyl groups and can be used to 
loca te the hydroxyl function on the aromatic r i n g s . The signal of 
the hydroxylated carbon moves upfield by 6,6-15,6 ppm on ace ty l a -
t ion , the o r t h o - and para-carbon s igna l s are moved dov;nfield by 
7,1-12,7 and 2 .0-7 .9 ppm, r e spec t ive ly , the meta-carbon s igna ls 
are s l i g h t l y affected (+0,9 to - 4 , 3 ppm). The effect of methyla-
t ion of free phenolic hydroxyls i s genera l ly smaller , opposi te and 
r a the r v a r i a b l e . The s ignal of the hydroxylated carbon s h i f t s 
down-field by loO-4.7 ppm and the s ignal of the ortho-carbon 
upfie ld by 0 ,8 -3 .6 ppm. 
: 35 : 
13 
C-nom,r. spectroscopy is not generally the method of 
choice for distinguishing various classes of flavonoids, it may 
be of use in some spectral cases. The different types of agly-
cones are not distinguishable on the basis of the aromatic carbon 
resonances alone, but chemical shifts for the central three 
carbons are often quite distinctive (Table-1). 
Table-1: Carbon-13 resonances for ring C in flavonoid . 
C-2 C-3 C=0 
Chalcones 136.2-145.4 116.6-128.1 188.6-194.6 
Flavanones 7 5 . 0 - 8Qo3 4 2 . 8 - 44.6 189.5-195.5 
Flavones 160.5-165.0 103.0-111.8 176.3-184.0 
Flavonols 145.0-150.0 136.0-139.0 172.0-177.0 
Isof lavones 149.8-155c4 122.3-125.9 174,5-181.0 
Aurones 146.1-147.7 111,6-111.9 182.5-182.7 
(=CH-) 
Data for CDCl-, or CDClo/DMSO-d^ so lu t ions except for f lavonols . 
For chalcones, C-2 and C-3 represen t the C-p and C-a, r e s p e c t -
ive ly . 
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U l t r a v i o l e t Spectroscopy 
The use of u .v , spectroscopy in the s t ruc tu re de termi-
57 
nat ion of flavonoid has extens ive ly been s tudied by L, Jurd and 
T.J , Mabry . I t i s extremely helpful in d i f f e r e n t i a t i n g various 
c lass of f lavonoids as well as in the l o c a t i o n of hydroxyls in 
the flavonoid nucleus. In genera l , a flavonoid exhibitstvvo bands 
in the region 3CO-380 nm (Band I) and 240-270 nm (Band I I ) . The 
pos i t i on and i n t e n s i t i e s of these oandscan be u t i l i z e d in d e t e r -
mining the s t r u c t u r e of an unknown f lavonoid. Band I i s a ssoc ia -
ted chief ly with the absorpt ion in the r ing B as well as C2-
por t ion of the molecule, while band I I with the absorpt ion of the 
benzoyl moiety. 
The u .v . spec t ra of flavones and f lavonols in methanol 
exh ib i t band I at 300-400 nm and band I I at 240-280 nm and can 
eas i ly be d i f f e r e n t i a t e d from other flavonoid groups. Flavanones, 
flavanonol and i sof lavone, though absorb in the range qu i t e d i f f e -
ren t from o t h e r s , can not be d i f f e r e n t i a t e d from each other with 
the help of u . v . spec t r a . The methanol spec t ra of f lavanones, 
f lavanonols and isoflavones d isp lay a shor t band in the region at 
300-380 nm and a strong band I I at 245-295 nm. The UoV. spectra 
of chalcones and aurones are very s imi la r to each other but qui te 
d i f f e r en t from o the r s . Band I in the u . v . spec t ra of chalcones 
appears as the strong band in the region 340-390 nm and band II at 
220-270 nmo The two bands in the u .v . spec t ra of aurones appear in 
the region 370-430 (Band I) and 220-270 nm (Band I I ) . 
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The relative shift of the two absorption maxima in pre-
sence of various shift reagents in methanol is found very useful 
in locating the hydroxyl functions in the flavonoid molecule. The 
presence of ortho-dihydroxyl function in the flavonoid can be 
detected by observing the shifts in the tvjo bands in the presence 
of sodium acetate-boric acid and also by the comparison of the u.v. 
spectra in methanol in the presence of AlClo and AlCl^-HCl. The 
confirmation of a hydroxyl function at C-7 of various flavonoids 
(C-2' of a chalcone) can be made by the relative shift in the 
band II in the presence of AlCl-j-HCl. The presence of a hydroxyl 
at C-7 portion (C-4' of a chalcone) of various flavonoids can be 
made with help of sodium^  acetate. The sodium acetate shift also 
helps in locating the C-4' hydroxyl (C-4 of chalcone) in various 
flavonoids. The shift in the band I in the u.v, spectra of various 
flavonoid in the presence of sodium methoxide is fruitful in 
determining the hydroxyl at C-4' (C-4 of chalcone). In some cases, 
however, the sodium methoxide shift can be used in determining the 
presence of 3',4'-hydroxyls in the nucleus. 
The u.v. spectra of the biflavonyls are very similar to 
those of the mo no flavonoids v;ith the only difference that the 
molecular extinction coefficient (^) of biflavones approximately 
double as compared to the corresponding monoflavonoid unit. This 
demonstrates the presence of two isolated chromopho£e_s of flavo-
noids per molecule of a biflavonoid. yQ^^""^"^"~^ ^Z'^^^ 
%( ' \',- ""•.f 
,1 I)S.|(;;tl .. rd 
'4'(Av'di^<j^^V 
The Garcinia genus (family Guttiferae) consists of 180 
species, mostly evergreen trees and occasionally shrubs distri-
buted in tropical Asia, Africa and Polynesia, Ten major and 
58 twenty closely allied species are reported to occur in India . 
Garcinia species have long been used in East and South 
East Asia and Africa in the treatment of dysentery, diorrhea and 
59 
wounds , A preparation of G. xanthochymus Hook. f. is reported 
to be used in the treatment of bilions conditions, diorrhea and 
dysentery. The gum resin of G. hanburyi Hook, f. is a drastic 
purgative, an emetic and vermifuge to treat tapeworm which,in too 
large doses, can be fatal. 
Among the natural products isolated from this genus, 
the 3/8" linked biflavonones, isolated from G. kola, have been 
reported to possess significant antiheptotoxic properties as 
evidenced by liver protection of laboratory animals challenged 
with phalloidin, a known liver toxin. 
The genus has been the subject of a considerable amount 
of phytochemical investigation which has revealed it to be a major 
source of prenylated xanthones , benzophenones and of biflavo-
noids linked between C-3 and'C-8. 
The biflavonoids, isolated from almost all the species 
of genus Garcinia worked out so far, comprise of either two 
flavanone or a flavanone-flavone units. There is no reoort on the 
: 39 : 
isolation of a 3/8" linked flavone-flavone biflavonoid from plants. 
The 'GB* biflavanones, so called because they are major consti-
tuents of the heartwood of G, buchananii Baker, v^iere first isola-
ted in 1967 by Jackson et al. Only five members of 3/Q" 
flavanone-flavone family have been isolated from this genus so far. 
Morelloflavone, the first to be discovered, was isolated from the 
65 heartwood of G. morella by Venkataraman ejt al_. in 1967 
The work on the isolation of flavonoids from plants has 
been brilliantly reviewed by Harbone and Mabry first in 1975 and 
recently in 1982 , It is not, therefore, our aim to review the 
work done on the genus Garcinia but an attempt is made to describe 
the hydroxylation pattern found in naturally occurring 3/£ -linked 
biflavonoids. The ring A in all the 3/8 -biflavonoids, isolated 
so far, possesses three alternate oxygens or is drived from 
Phloroglucinol. The hydroxylation pattern in ring B is also 
typical of monoflavonoids. The ring B generally has a para-
hydroxyl formation or 3,4-dihydroxyl grouping. The hydroxyl group 
is often present at C-3. Figure-13 shows the various hydroxylation 
patterns found in 3/8 -biflavonoids. 
G. nervosa f'Aig. (Syn, G. andersoni Hooko f. ) is fcund in 
Eastern Penisula, Malacca and Nigeria. The leaves of the plant 
are very large 1-2 ft oblong, thickly coriaceous, subacute rounded 
or cordate at the base leaving numerous strong nerves° , 
: 40 : 
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The work on the stem bark of this plant has recently 
been performed and a new xanthone named nervosaxanthone (XVII) 
,84 has been isolated 
of the plant. 
No biflavonoid was obtained from this part 
(:<^ /ii) 
The leaves of G, nervosa were collected frn- II i_ n L -L c , 
Nigeria and the present discussion deals with the isolation of 
biflavonoids from the ether soluble part of ethanolic extract of 
leaves of G. nervosa. Four biflavonoids have been isolated and 
purified by modern techniques, such as column chromatography and 
preparative thin layer chromatography. This discussion deals with 
the characterisation of one of the isolated biflavonoids by 
j^^chemical and spectroscooic miethods, such as i.r,, u.\-., H-n,m,r,» 
/spectroscopy and mass spectrometry. The structural elucidation 
of remaining biflavonoids is in hand. 
The column chromatography of the ether soluble part over 
silica gel was performed and the column was eluted successively 
v;ith petrol, petrolrbenzene mixtures, benzene, benzene:ethyl ace-
tate mixtures and finally with ethyl acetate. The column 
: 42 : 
chromatography did not prove fruitful as no compound could be 
obtained in pure form. Instead, the complex mixture was resolved 
into mixture of two and three compounds. Preparative-TLC was, 
then, performed using benzene:pyridine:formic acid (35:9:5, 
40:10:2, 100:20:7), toluene:ethyl formate:formic acid (5:4:1), 
chloroform:MeOH (19:1, 17:3), benzene:ethyl acetate (1:1) as the 
developer. The results with the BPF were not encouraging and 
although the result of the TEF system were better, this was 
avoided as the compounds were acid and base sensitive. The 
compounds were finally obtained in pure form by the preparative-
TLC over silica gel using benzene:ethyl acetate (1:1) system. 
Four compounds coded as GN-1, GN-2, GN-3 and GIM-4 isolated were 
crystallized from methanol and benzene. 
GN-1 v/as crystallized from methanol-benzene as yellow 
crystals, m.p.232-234 C. It gave pink colour with Zn-HCl and 
Mg-HCl, suggesting it to be a flavonoid. It gave positive FeCln 
test indicating the presence of phenolic hydroxylic group/s. The 
infra-red spectrum of the compound showed absorptions at 33CC cm 
(OH), 1640 cm" (5-hydroxyflavanone) and 1610 cm"* (5-hydroxy-
flavone). The compound was methylated with dimethyl sulphate-
potassium carbonate in acetone to give GNWe-l, mop.123-125 C. The 
ioro spectrum of GNMe-1 possessed bands at 1645 and 1675 cm 
Such spectral changes on methylation are reminiscent of the 
behaviour of flavanone and flavone systems, respectively, bearing 
: 43 : 
hydroxy group at C-5. The compound GN-1 was acetylated with 
acetic anhydride-pyridine to give GNAc-1, m.p„145-149°C. The i.r. 
spectrum of GNAc-1 displayed bands at 1770 (CH^-C-) and 1645 cm 
(broad). 
The ultra-violet spectrum of GN-1 showed absorption 
maxima in the region 255 sh, 265 and 320 nm. The shifts of the 
absorption maxima in the presence of NaOMe, AlCl^, NaOAc, NaOAc-
HoBO- and AlCl^-HCl were also studied but did not prove helpful 
as the bands of the two units v^/ere merged. The structure was 
1 13 
elucidated with the help of H-n.m.r,, and C-n,m.r. spectroscopy 
and mass spectrometry. 
The decoupled "''"^ C-n.m. r. spectral data of GM-1 displayed 
13 thirty signals confirming it to be a biflavonoido C-n,m.r. 
spectrum displayed in the lowest field, two signals at d 196 
and 181 ppm which confirmed the presence of a flavanone and 
a flavone unit in the molecule. The possibility of a chalcone 
unit was ruled out in viev; of the other spectral data. Ten signals 
in the region 145.5789-166.4430 ppm were assignable to oxygenated 
aromatic carbons. The signals for the non-oxygenated aromatic 
carbons were seen in the range 95.2061-128.6528 as fourteen 
singlets. Two signals at d 80.8783 and 48.2935 v;ere attributed to 
C-2 and C-3, respectively of the flavanone unit. The assignment 
13 13 
of the C-nom.r. data was made by comparison with the C-n.m,r. 
56 data of monoflavonoids in table-2. 
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13 Table-2: C-n.m.r, chemical shifts (ppm) for flavanone and 
flavone. 
Flavanone Flavone 
C-4 196.0443 181.5555 
C-7 166.4430 163.4713 
C-5 163.7341 160.4599 
C-9 162.7835 155.2040 
C-4' 149.6122 157.2827 
C-3 ' 145.5789 114.3888 
C-1 ' 128.3528 121.0S19 
C-6' 119ol760 128.3163 
C-5 ' 116.0779 114.3388 
C-2' 113o2590 123.1014 
C-10 103.1420 102.2117 
C-6 96.1393 98.5595 
C-8 95.2061 100.4886 
C-2 80.8783 161.5706 
C-3 48.2935 101.4623 
45 : 
s i: 
S L 
^ 0. 
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The H-n.m.r. spectrum of GN-l in DMSO-d. confirmed the 
absence of methoxyl groupo It can be said, therefore, in view of 
13 the C-n.m,r, data that only hydroxyl groups are present in the 
molecule. The presence of seven hydroxyl group was confirmed by 
the seven singlets, each for one proton, in the lowest field of 
the spectrum at d 9.27, 9.50, 9.83, 10.79, 11.18, 12.20 and 13.20. 
A pair of doublets (J=12 Hz) at d 5.64 and 4.83 were assignable to 
C-2 and C-3 protons, respectively of the flavanone unit. The dovm-
field shift of the C-3 proton relative to the chemical shift in 
flavanone suggested the involvement of C-3 of flavanone in the 
interflavonoid linkage. An upfield singlet in the aromatic region 
at d 5.91 for two protons was attributed to two protons on the 
ring A of flavanone unit. Another singlet at d 6.17 for one proton 
was assignable to the proton on the ring A of flavone unit suggest-
ing the linkage of the other unit through ring A. A pair of 
doublets (J=8 Hz) in the aromatic region at d 6.32 (H-3"',5'") and 
7.08 (H-2'" , 6'*'), each for two protons, v^ as indicative of the 
presence of a hydroxyl group at C-4' of either of the B rings. A 
singlet at d 6.53 for one proton was assigned to C-3 proton of the 
flavone unit. A doublet (J=8 Hz) for one proton at 6.85 (H-5') 
and a multiplet for two protons at d 7.37 (H-2',6') confirmed the 
presence of a 3*,4'-dihydroxyl system in the other B ring. 
It can be said, in view of the above discussion, that 
compound GN-1 is a biflavonoid having a flavanone and a flavone 
unit. Also, the rings A in both the units are derived from 
: 47 : 
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phloroglucinol and the C-3 of flavanone is linked to C-8 of 
flavone unit. The only thing which is to be determined is the 
nature of B rings of the two units. There are now tv.'o possible 
assignments for the compound GN-1 i.e. either (XVIII) or (XIX). 
The compound (XVIII) is reported in the literature and its melting 
point 300°C is much higher than that of GM-1. The probable struc-
ture of the compound is thus (XIX),which vv^as finally confirmed 
with the help of mass spectral data. 
CH C 
(XVIII) 
c>: c 
(XIX) 
The mass spectrometry v/hich is one of the best technirjues 
for determining the structure of biflavonoids and esoecially the 
interflavonoid linkage proved helpful in our esse and provided 
evidences in favour of the interflavonoid linkage as y;ell as the 
nature of the two B rings. As is reported for C-3/C-8 linked 
biflavonoids, the mass spectrum of GN-1 did not exhibit many of 
the characteristic peaks and the most significant peak was observed 
51 ; 
at m/z 126 ""o The molecular ion peak could not bo observed for 
GN-1. The mass spectra of methyl ether and acetyl derivatives 
also did not show molecular ion peaks and though seven spectra 
of methyl ether (GNiVie-l) were recorded, in none could the peaks 
above m/z 200 be detected. 
As discussed in the theoretical part of this disserta-
tion, the major fragmentation path of the flavonoids is FIDA and 
RDA by pathway I, which gives both A and B fragments, is most 
significant. It is not clear v.'hy many important ilDA fragments 
could not be observed in the case of GN-1 and its derivatives, 
but the major fragmentation oath was the loss of ring A of 
flavanone unit giving a base peak at m/z 126o 
The problem of confirming the nature of tv/o 3 rings 
was, hov'vever, solved v/ith the help of mass spectral data of GN-1, 
The most significant peak in the case of GN-1 was at m./z 110, 
which could only be assigned to the dihydroxyl phenyl cation. 
Another diagnostic fragment at m/z 418 may be explained in terms 
of loss of ring B of flavanone. The formation of an ion at 
m/z 260 can be explained from the iVi," by the Pu3A-of both the units 
accompanied -by the loss of a CO molecule. The peaks at m/z 152 
and 153 are due to the ring A fragments of RDA of flavanone unit, 
RDA by pathway II of the flavone unit and loss of phloroglucinol 
ring from the flavanone unit can explain the peak at m/z 27C. The 
peaks at m/z 286 and 287 can bo explained by the RDA of both the 
u n i t s . The peak at m/z 242 may be clue to ion formed by tlie loss 
of CO from ion at m/z 270. A peak at m/z 328 may be explained in 
terms of RDA of flavone uni t and l o s s of r ing 3 from flavanone 
u n i t . The peaks at m/z 149 and 150 may be due to the doubly 
charged ions formed by the loss of r ing B from flavanone un i t and 
RDA followed by l o s s of CL. from flavone u n i t . 
The above discussion provides su f f i c i en t oviocnco in 
favour of the 3 /8"- l inkage and dihydroxylated 3 r ing of flavanone 
un i t and monohydroxylated r ing 3 of flavone u n i t . The compound 
GN-1 was, t h e r e f o r e , charac te r i sed as 5,7,5 '*,7", 3 ' , 4 ' , 4 ' " - h e p t a -
hydroxy- [ l -3 , I I -8" j - f l avonony l flavone (XIX). The s t r u c t u r e 
e luc ida t i on of o ther compounds, GIl-2, GK-3 and Gi'I-4, is in hand. 
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Extraction of the leaves of Garcinia nervosa Mia. (Guttiferao) 
Leaves (3 Kg) of Go nervosa, procured, from Zaria, 
Nigeria, were extracted several times v/ith octroi (60-80°) by 
cold percolation. The treated leaves were crushed and defatted 
again by repeated extraction with petrol and benzene successively, 
follov/ed by boiling alcohol. The combined alcohol extracts were 
concentrated first at atmospheric pressure and then under reduced 
pressure. A dark viscous residue was obtained. This was treated 
successively with boiling petroleum ether (60-80°) and benzene to 
remove fatty and resinous matter. The dark brov.'n residue (700 gm), 
thus obtained and responded to the usual colour test for flavo-
noids, 
Purification of flavonoid mixture-column chromatography 
The column chromatography of the ether soluble part 
over silica gel was performed and the column v/as eluted success-
ively with petrol, petrol-benzene mixture, benzene, benzene-ethyl 
acetate mixtures and ethyl acetate. The column chromatography 
did not prove fruitful as no compound was isolated in pure form. 
Instead, the complex mixture was resolved into mixture of t;vo and 
three compounds. 
: 56 
Separation of flavonoidic mixtu.ro-preparatlve thin layer chromato-
graphy 
Using a thin layer spreader, glass plates (20x20 cm) 
were coated v;ith a v/oll stirred suspension of silica gol (EL)H) to 
give a layer approximately 0,5 mm in thickness. After drying at 
room temperature, the plates were activated at 120°C for at least 
two hours. 
The brown mass obtained was dissolved in acetone and 
the solution was applied to plates with the help of a mechanical 
applicator, 2 cm from the lov/er edge of the plates. The plates 
mounted on a steel frame were placed in a Desaga glass chamber 
(45x22x25 cm) containing 500 ml of developing solvent (benzene: 
ethyl acetate, 1:1). When the solvent front travelled 15 cm from 
the starting line, the development was interrupted and the plates 
were dried at room temperature. The position of the bands were 
marked in U<,V. lighto The marked pigment zones were scraped v;ith 
the help of a nickel spatula and eluted separately in soxhlots 
with acetonoo The solvent was I'ecovered. The four bands, thus 
obtained, were labelled as GN-1, GH-2, GN-3 and GN-4. 
GN-1 
It was crystallized as pale yellow crystals (950 mg) 
from MeOH-benzene, melting point 232-234*^0. 
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I.R. Spectra of GM-1 
KBr = S) 
max 
330G, 1745, 1640, 1610, 1510, 1460, 1380 
-1 1260, 1160, 1030 and 835 cm . 
\ U.V. Spectra ( A , nm) of GN-1 
^ max 
MeOH 
NaOMe 
AICI3 
AICI3/HCI 
NaOAc 
NaOAc/H^BO^ 
255 s h , 2 6 5 , 320 
2 5 8 , 2 9 8 , 362 s h , 385 
2 5 5 , 2 8 5 , 405 
2 5 5 , 2 8 2 , 3 3 5 , 365 
2 6 0 , 3 0 0 , 355 sh 
2 4 5 , 2 6 5 , 3 0 5 , 350 
•"•H-N.M.R. (DMSO-d^, 400 RHz) of G>!-1 
d 4»83 (IH, d, J=16 Hz, H-3); 5.64 (IH, d, J=16 Hz, 
H-2); 5.91 (2H, s, H-6,8); 6,17 (IH, s, H-6 ); 6.32 (2H, d, 
J=8 Hz, H-3",5"); 6.53 (IH, s, H-3 ) ,• 6.84 (IH, d, J=8 Hz, 
H-5'); 7.08 (2H, d, J=8 Hz, H-2",6"); 7.37 (2H, m, H-2',6'); 
9o27, 9.50, 9.83, 10o79, 11.18, 12^20 and 13o20 (IH each, s, HO-
5,7,5 ,7 ,3',4',4"). 
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•'•^ C-N.I/i.Ro (100 IvlHz, Dl/iSO-d^ ) ,of GM-1 
1 3 
The assignment of the ~ C-n.m,r, data was made by 
13 
comparison with the C-n,m.r, data of monoflavonoids and the 
13 
C-n ,m . r , t a b l e i s mentioned in t a b l e - 2 of d i s c u s s i o n . 
Mass (MI-T-.'IS) of GM-l 
MS(rel.int.) : m/z 418 (0o75); 228 (l.CO); 287 (1.80); 286 
(lo50); 270 (4.00); 260 (0.90); 242 (1,00); 
153 (2,90); 152 (1.50), 126 (100.CX)); 110 
(20„00)o 
Acetylation of GN-1 
The GN-1 (100 mg) was dissolved in pyridine (4.0 ml) 
and acetic anhydride (8.0 ml) was added. The resulting mixture 
was heated on a water bath for 8 hrs. It was cooled-down to r 
temperature and poured over crushed ice. The separated solid vyas 
filtered, washed several times with cold v/ater and dried. On 
crystallization from EtOH-water, solid crystals (60 mg) were 
obtained, m,p.l45-l49°C. 
I.R. Spectra of GMAc-1 
oom 
KBr : V - <. 1110, 1645 (broad), 1500, 1370, 1190, 
112C, 1020 and 900 cm""''. 
• • •* - • 
Methyl at ion of GM-1 
GN-1 (100 mg), anhydrous potassium carbonato (3 gm), 
dimethyl sulphate (0,5 ml) and dry acotono (400 ml)were refluexed 
on v/ater-bath for 24 hrSo Refluxing continued till it gave nega-
tive ale, FeCl-3 test. It was then filtered and residue washed 
several times with hot acetone. The filtrate and washings were 
combined and evaporated to dryness. The yellow residue was 
treated with petroleum ether to remove any unused dimothylsulphate 
and then dissolved in chloroforrr (25 ml). The chloroforn solution 
was v/ashed several tim.os with v.'ator, dried (I'a^ SO.) and ovaoorated 
to give crude solid. The solid was purified by column chromato-
graphy. On crystallization with CHCl„-f.leOH, it gave white 
crystalline solid, m.p.l23-125°C, 
loR, Spectra of GNMe-1 
* y mf\v. KBr : V ,, 1675, 1645, 1600, 1515, 1460, 1375, 1260, 
' max 
1155, 1110, 1040, 1020 and 830 cm"-"-. 
•'•H-N,MoR, (CDCI3, 60 KWz) of GNMe-1 
d 3,68, 3o74, 3,80, 3,84, 3.88, 3.90 and 3,94 (3H, each 
s, CH3-0-5,7,5 ,7 ,3',4',4"); 4.91 (IH, d, J=13Hz, H-3); 5,86 
(IH, d, J=13 Hz, H-2); 6o20 (2H, s, H-6,8); 6,30 (IH, s, H-6 ) ,-
6,50 (IH, s, H-3 ); 6,60 (2H, d, J..8 Hz, H-3",5")j 6.9n (IH, d, 
J=9 Hz, H-5'); 7ol-7,4 (4H, m, H-2" ,6'',2',6'). 
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